INTRODUCTION
============

Breast cancer (BC) is regarded as the most common malignancy among women worldwide.^[@R1]^ BC is the first leading cause of female cancer death among those aged 20 to 59-year old.^[@R2]^ As is recognized, the best way to cure for BC upon diagnosis is surgery. Usually, there involves chemotherapy, which used to consolidate the achievements. Though taking neoadjuvant or adjuvant chemotherapy improves over-all survival (OS) and recurrence-free survival, the side effects cannot be ignored.^[@R3]--[@R5]^

Chemotherapy-induced neutropenia (CIN) is the most serious hematologic toxicity of cancer chemotherapy and is defined as 4 grades in accordance with National Cancer Institute Common toxicity Criteria (NCI-CTC).^[@R6],[@R7]^ All patients treated with chemotherapy are at risk for CIN,^[@R6]^ which occurs most frequently during the first cycle.^[@R8],[@R9]^ It is dangerous and life-threatening when fever neutropenia arises.^[@R6]^

Studies indicate that CIN predicted better outcomes in cancers such as lung cancer, advanced gastric cancer, and metastatic colorectal cancer.^[@R10]--[@R12]^ However, the improved outcomes in BC are indefinite. Ishitobi et al^[@R13]^ found that only distant disease-free survival was better in BC with neoadjuvant CIN. Meanwhile, Han et al^[@R14]^ revealed only better OS in BC with adjuvant CIN.

The purpose of this study was to investigate the deep relationship between CIN and survival of BC, and thence to figure out whether CIN could be used as an indicator of prognosis and guide for clinic work.

METHODS
-------

We reviewed female patients with pathologically diagnosed invasive BC (T1-4 N0-3 M0), who were treated at the First Affiliated Hospital of Wenzhou Medical University in China, between January 2008 and December 2010. Four hundred ten consecutive patients were finally enrolled with exclusion criteria as follows: unknown immunohistochemical (IHC) results or indefinite human epidermal growth factor receptor-2 (HER-2) status, bilateral invasive BC or noninvasive BC, history of abnormal bone marrow function, history of chemotherapy without NCCN guidelines or insufficient course, taking neoadjuvant chemotherapy, and no history of blood routine test (BRT) during the second week after adjuvant chemotherapy. Demographic, pathologic, and laboratory data of all patients were collected from electronic medical records. The research protocol was approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University, and written informed consents were obtained from every patient. They were followed up till May 2015 to obtain survival information.

Patients took breast conserving surgery within their own command when technically and cosmetically feasible. The others underwent radical surgeries. Axillary dissection was carried out when sentinel lymph node was positive.

Pathological results were evaluated by more than 2 associate chief physicians, according to the WHO classification. The IHC standard referred to St. Gallen version 2013: estrogen receptor (ER) positive defined ≥1%; progesterone receptor (PR) positive meant ≥20%; and HER-2 over-expression considered complete and intense membrane staining of at least 10% of neoplastic cells (3+). Tumors showing weak-to-moderate circumferential membrane immunoreactivity (2+) of HER-2 were further subjected to fluorescence in situ hybridization assays.

Endocrine therapy for more than 5 years was recommended to ER-positive patients. Patients with HER-2 over-expression were prescribed to receive Herceptin, a target therapy, after chemotherapy. (Among 238 ER-positive patients, 11 obtained the IHC rates above 1% and less than 10%. They were reassessed before taking the endocrine therapy because of the changed criterion in 2010.).

Chemotherapy and Supportive Treatment
-------------------------------------

Adjuvant chemotherapy was performed in 10 days after operation. The patients had received 6 cycles of intravenous FEC (5-fluorouracil 600 mg/m^2^, epirubicin 90 mg/m^2^, and cyclophosphamide 600 mg/m^2^), TEC (docetaxel 75 mg/m^2^, epirubicin 60 mg/m^2^, and cyclophosphamide 500 mg/m^2^), or TC (docetaxel 75 mg/m^2^ and cyclophosphamide 600 mg/m^2^).

Granulocyte-colony-stimulating factor (G-CSF) was used in grade 4 neutropenia or febrile neutropenia. The next cycle of chemotherapy was delayed until recovery for a neutrophil count of 1.5 × 10^9^/L from neutropenia or any other significant hematologic toxicity.

Assessment of Neutropenia
-------------------------

Patients were suggested to take BRTs after chemotherapy on day 7, day 10, day 14, and the day before the next cycle (day 20 or day 21). Laboratory data, obtained after the first cycle with the lowest neutrophil count, were collected before taking G-CSFs. Neutropenia was graded in accordance with NCI-CTC version 4.0 (grade 0 equates to within normal limits; grade 1 equates to a neutrophil count of between 1.5 and 2.0 × 10^9^/L; grade 2 equates to a neutrophil count of between 1.0 and 1.5 × 10^9^/L; grade 3 equates to a neutrophil count of between 0.5 and 1.0 × 10^9^/L; and grade 4 equates to a neutrophil count below 0.5 × 10^9^/L).

Follow-Up
---------

All patients underwent physical examinations, blood tests, breast ultrasound, and chest X-rays every 3 to 6 months for the first 5 years postoperatively, and they were followed up every year thereafter. Computed tomography or emission computed tomography was used when metastasis was suspected. And the metastatic area was defined as the first diagnosed one.

OS was defined as the time from surgery to death. Disease-free survival (DFS) was defined as the time from surgery to local, regional, or distant treatment failure. Local recurrence-free survival (LRFS) was defined as the time from surgery to local or regional lymph-node recurrence without distant issues. Distant metastasis-free survival (DMFS) was defined as the time from surgery to distant metastasis, consisting of bone metastasis-free survival (BMFS) and visceral metastasis-free survival (VMFS).

Statistical Analysis
--------------------

Statistical analysis was performed using IBM SPSS Statistic version 21.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism version 6.01 (GraphPad Software Inc., La Jolla, CA, USA). Kolmogorov--Smirnov test was used to test for normality within continuous data. Those with normal distribution were expressed as the mean ± standard deviation and then compared using a Student *t* test. Otherwise, continuous data with abnormal distribution were expressed as the median (range) and then compared using the Wilcoxon rank-sum test. Categorical variables were compared using the *χ*^2^ test or Fisher exact test as appropriate. Censoring time was defined as the last follow-up time. Kaplan--Meier survival curves with log-rank tests and Cox proportional hazard regression analyses were used to compare the survival rates with clinical and pathologic factors. Variables with *P* \<0.05 in univariate Cox regression analysis were progressed to multivariate analysis by forward stepwise selection. A value of *P* \<0.05 was considered statistically significant and all *P* values were 2-tailed.

RESULTS
=======

Clinicopathologic Characteristics
---------------------------------

A total of 410 cases were enrolled in this study. The baseline characteristics of the invasive BC patients with and without neutropenia are listed in Table [1](#T1){ref-type="table"}. Among these patients, 330 met the criteria for neutropenia, including 44 of grade 1, 74 of grade 2, 101 of grade 3, and 111 of grade 4. By comparison, there were no statistically significant differences between the 2 groups in terms of age, menopausal status, lymphocytes or palate counts, pathological T or N staging, receptor conditions, and the presence of peritumoral vascular invasion (PVI). The modality of treatment was also similar between the 2 groups. However, the CIN group exhibited significantly lower leukocyte count and neutrophil count before treatment (*P* \< 0.001). The rates of CIN were higher with anthracycline-based regimens (*P* \< 0.001).
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In addition, patients with more advanced TNM stages or pathological N staging showed higher rates of low-grade CIN (*P* = 0.005 and *P* = 0.017, respectively in Supplementary Table 1). And there were more TEC regimens exhibiting lower-grade CIN, compared with other regimens (*P* \< 0.001 in Supplementary Table 1).

Overall Survival Analysis
-------------------------

A total of 26 patients (6.34%) were lost to follow-up. The median follow-up time of the cohort was 62 months. During the follow-up period, 36 patients died of BC. The 5-year OS rates were 91.12% in the non-CIN group and 90.28% in the CIN group. As shown in Figure [1](#F1){ref-type="fig"}A, no difference in OS was found between the patients with CIN and those without CIN (*P* *=* 0.938).
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Disease-Free Survival Analysis
------------------------------

During the follow-up period, freedom from recurrence was observed in 63 patients in the non-CIN group and 295 in the CIN group. As shown in Figure [1](#F1){ref-type="fig"}B, the difference between the 2 curves was statistically significant (*P* = 0.009, hazard ratio \[HR\] = 0.391, 95% confidence interval \[CI\] 0.194--0.787). The cumulative 2- and 5-year DFS rates in the CIN group were 94.85% and 90.61%, respectively. And the rates in the non-CIN group were 91.25% and 80.00%, accordingly. Only the latter was significantly different between the 2 groups (*P* = 0.214 and *P* = 0.006, respectively).

During the follow-up period, 3 patients in the non-CIN group and 10 patients in the CIN group were found to demonstrate loco-regional recurrence. Meanwhile, 14 and 25 patients suffered from distant metastases in the non-CIN group and the CIN group, respectively. As shown in Figure [1](#F1){ref-type="fig"}C, there was no significant difference in the rate of loco-regional recurrence-free survival between the 2 groups (*P* = 0.695). However, as shown in Figure [1](#F1){ref-type="fig"}D, the DMFS rate in the CIN group was significantly higher than that in the non-CIN group (HR = 0.315, 95% CI 0.014--0.708, *P* = 0.005).

Among the cases with distant metastases, the numbers of patients diagnosed with visceral metastases and bone metastases between the 2 groups (non-CIN versus CIN) were 6 versus 17, and 9 versus 12, respectively. As shown in Figure [1](#F1){ref-type="fig"}E, there was no difference in the rate of VMFS between the groups (*P* *=* 0.527). Nevertheless, the rate of BMFS in the CIN group was significantly higher than that in the non-CIN group (HR = 0.469, 95% CI 0.194--0.786, *P* *=* 0.005) (Figure [1](#F1){ref-type="fig"}F).

In addition, no differences in the rates of DFS, DMFS, and BMFS were found between the mild-CIN group and the severe-CIN group (*P* \> 0.05; Supplementary Figures 1B, 1D, and 1F); meanwhile, both groups showed significant differences from the non-CIN group (*P* \< 0.05; HR \< 1; Supplementary Figures 1B, 1D, and 1F).

Subgroup Analyses
-----------------

In the subgroup analyses, the bone metastasis rates were reevaluated, adjusting for ER presence and menopausal status. As shown in Figure [2](#F2){ref-type="fig"}A, a trend was found showing higher bone metastasis rates in the ER-positive group than in the ER-negative group. However, the *P* value was apparently not significant (*P* *=* 0.700). In the ER-positive subgroup (Figure [2](#F2){ref-type="fig"}C), the patients with CIN exhibited extremely higher BMFS rates than did those without CIN (HR = 0.211, 95% CI 0.029--0.453, *P* *=* 0.002). Meanwhile, in the ER-negative subgroup (Figure [2](#F2){ref-type="fig"}D), there was no difference between the patients with and without CIN (*P* *=* 0.541).
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As shown in Figure [2](#F2){ref-type="fig"}B, the menopausal status caused no difference (*P* *=* 0.747). In postmenopausal women (Figure [2](#F2){ref-type="fig"}E), the difference between the patients with and without CIN was not significant (*P* *=* 0.285). However, in premenopausal women (Figure [2](#F2){ref-type="fig"}F), patients with CIN obtained significantly higher BMFS rates than did those without CIN (HR = 0.114, 95% CI 0.026--0.501, *P* *=* 0.004). When carried out among the younger premenopausal women (≤40 years of age), the differences were still significant (Figure [3](#F3){ref-type="fig"}, *P* \< 0.001).
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Cox Analyses
------------

Cox proportional hazard models were used to identify the variables associated with OS, DFS, and BMFS. These variables are presented in Table [2](#T2){ref-type="table"}.
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In univariate analysis, age, premenopausal status, HER-2-positive status, conservative surgery, and chemotherapy regimens, as well as counts of leukocytes, neutrophils, lymphocytes, and platelets were not significant predictive factors for the prognosis of OS, DFS, or BMFS in the patients with invasive BC. Pathological T staging was significantly related to OS and DFS. The ER- or PR-positive status was a significant predictive factor only for OS and not for DFS or BMFS. The presence of CIN and age under 40 were only inversely associated with DFS and BMFS. PVI and the pathological N staging were significant prognostic factors for all cases.

In the multivariate Cox analysis of BMFS, the presence of CIN, pathological N staging, and age under 40 were independently predictive risk factors for the prognosis of patients with invasive BC (*P* \< 0.05, Table [2](#T2){ref-type="table"}).

DISCUSSION
==========

Neutropenia is a common side effect of chemotherapy in adjuvant treatment of BC. This condition is typically regarded as a dose-limiting toxicity and a reason for dose reduction. CIN occurs most frequently during the first cycle of chemotherapy.^[@R8],[@R9]^ The absolute neutrophil count often increases on the second week during the first cycle.^[@R15]--[@R17]^ More aggressive regimens, which are used in more advanced patients, may lead to higher rates of CIN.^[@R18]^ However, in our study, the aforementioned regimens did not induce a significant prognostic difference.

Moreover, the presence of CIN in patients with postoperatively invasive BC, as a response of patient condition to chemotherapy, showed an independently predictive significance of prognosis. Both mild and severe CIN were associated with a risk of recurrence (HR = 0.343, 95% CI 0.153--0.770, *P* = 0.006 and HR = 0.538, 95% CI 0.291--0.989, *P* = 0.043, respectively, in Supplement Figure 1), particularly for distant metastases (*P* = 0.005 and *P* = 0.043, respectively) but not mortality. And the differences appeared after the second year. Additionally, the difference in VMFS between the patients with and without CIN was not significant, whereas the difference in BMFS was statistically significant. This finding can be mainly responsible for the association between distant metastases and CIN, even after adjusting for potential clinicopathogical variables (HR = 0.282, 95% CI 0.117--0.681, *P* = 0.005). The following median survival reported was approximately 2 years and the 5-year survival rate was almost 40% after diagnosis of bone metastases.^[@R19]^ Thus, the median survival of our patients with bone metastases would be possibly 63 months, which is longer than the median of the follow-up time (62 months), according to the median BMFS of this research (39 months). Thus, the disparity of OS and DFS, which was almost the same to the results of the 62-month Austrian Breast and Colorectal Cancer Study Group Trial-12 (ABCSG-12), could be explained in a sense.^[@R20]^ However, bone metastases still played a very important role in the procedure, leading patients to death, and with more than 10 times of HR.^[@R21]^ In the first year, skeletal-related events (SREs) are expected to follow because of osteolysis.^[@R22]^ SREs, which include pathological fractures, spinal cord compression, and severe pain requiring radiotherapy or surgery, would further increase mortality and reduce the quality of life as well.^[@R21],[@R23]^

The bones have been proven to be the most preferential metastatic target sites for BC.^[@R24],[@R25]^ "Seed and soil" theory is well acknowledged for bone metastases: circulating cancer cells (seeds) can accomplish metastasis in the organs, of which microenvironment (soil) is advantageous for their growth.^[@R25],[@R26]^ PVI was associated with cancer cell invasion from primary location, and was proven to be a high-risk predictor of the BMFS in our study (HR = 4.066, 95% CI 1.186--13.935, *P* = 0.026). Immobilized growth factors fertilized the bone marrow, including the transforming growth factor β (TGF-β), insulin-like growth factors (IGFs), fibroblast growth factors (FGFs), and platelet-derived growth factors (PDGFs).^[@R25]^ The genes of chemokine receptor-4 (CXCR4), parathyroid hormone-like hormone (PTHLH), interleukin-11 (IL11), matrix metalloproteinase-1 (MMP1), and osteopontin (OPN) have been proven capable of promoting bone metastases by interacting with the aforementioned growth factors.^[@R27]^ The positive expression of ER, which was evaluated in primary BC, was firmly connected to bone metastases through the reactions between the genes and growth factors.^[@R25],[@R28]^ In the current study, a trend of worse prognosis was observed during the first 5 years, almost the median follow-up time. Considering the number of subjects at risk, this trend may become a more significant result in another following 5 years (Figure [2](#F2){ref-type="fig"}A). The subgroup analysis, ruling out the effect of the ER status, indicated that CIN might be a protective predictor of bone metastases only to ER-positive BC. Maybe, chemotherapy-induced bone marrow suppression, including CIN, could decrease the quantity and activity of growth factors, which can interact with ER and make the cancer cells more aggressive.^[@R25],[@R28]^

Premenopausal status has been considered a high-risk predictor of bone metastases in patients with BC.^[@R29]^ The increased estrogen concentration in premenopausal patients was one of the possible reasons for recurrence. And the usage of tamoxifen among premenopausal women can accelerate osteolytic metabolism and cause significant bone loss, which may lead to bone metastases.^[@R30]^ In the present study, the BMFS of premenopausal patients with CIN improved better (Figures [2](#F2){ref-type="fig"}E and F). However, no significant difference between the 2 menopausal statuses was observed. Interestingly, women, under 40 years of age, showed an obviously high risk of bone metastases even after multivariate analysis and had got great benefit from CIN (Table [2](#T2){ref-type="table"} and Figure [3](#F3){ref-type="fig"}). They were found unable to prevent the bone metastases by treating with Zoledronic acid.^[@R20]^ Perhaps, the high level of estrogen before 40-year old, which could not be suppressed completely by ovarian function suppression, may lead to more aggressive results.^[@R20],[@R31]^ What is more, young patients were more frequently diagnosed as having triple negative BC (TNBC) with a high prevalence of BRCA-1 mutations, especially younger than 40.^[@R32],[@R33]^ And there were more bone metastases than other distant recurrences observed in Chinese people with TNBC.^[@R34]^

Besides, neutrophil counts of pretreatment in patients with CIN were lower than the non-CIN group (Table [1](#T1){ref-type="table"}, *P* *=* 0.010). It is said that the neutrophil count is capable of predicting CIN.^[@R35]^

Nevertheless, our study has several limitations. First, the criterion of nonneutropenia, which is above lowest normal index, differed from labs. Second, the BRTs taken uncontinuously in day 7, day 10, and day 14 of enrolled patients might not obtain the lowest neutrophil counts. Third, the sample size and follow-up time limited us to getting more significantly prognostic results or doing further subgroup analyses. Last, the retrospective design of our study might lead to selection bias. Future prospective studies are needed to address the influence of races or ethnic groups on the conclusions of the current study.

In summary, our current study suggests that CIN of the first cycle may predict a decreased recurrence risk in patients with invasive BC, especially the bone metastases, regardless of the differences among chemotherapy regimens. Non-CIN, age under 40, and high grade of N staging were all independently increased factors of bone metastases. And the presence of CIN would be a significant predictor of decreased bone metastases only when patients were performed positive ER status. Hence, further investigations are needed to elucidate the underlying mechanisms. More attention should be given to BC patients without CIN during their first cycles, and they should be provided with appropriate treatment in the future.
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